A new line of neuroscience research suggests that epigenetics may be the site of nature and nurture integration by providing the environment with a mechanism to directly influence the read-out of our genome. Epigenetic mechanisms in the brain are a series of post-translational chromatin and DNA modifications driven by external input. Given the critical hub that epigenetics appears to be, neuroscientists have come to suspect its fundamental influence on how our minds change in response to our unique environment and, in turn, how these changes can then impact our future interactions with the environment. The field of learning and memory is becoming particularly interested in understanding the cognitive influence of epigenetics. With the majority of us working with an eye toward therapeutics, the question naturally arises: ''Has neuroepigenetics gotten us closer to treating memory disorders and if so, where do we go from here?'' This review will begin with a brief exploration of recent advances in our understanding of how epigenetic mechanisms contribute to learning and memory processes that are susceptible to failure. Next the implications for disorders of cognition, such as Alzheimer's disease, will be discussed. Finally, we will use parallels from the field of cancer to speculate on where we should consider heading from here in the pursuit of therapeutics.
Introduction
Mechanistically, epigenetics regulate transcription through post-translational modification of the N-terminus of core histone proteins and cytosine residues of DNA. These modifications influence transcription factor accessibility to gene promoters by controlling the organization of chromatin's structure. Core histones are highly basic alkaline proteins that align and order DNA ($147 bp) into structural units termed nucleosomes. The nucleosome is comprised of protein octamers containing a pair of each core histone (H2A, H2B, H3, H4). These histones contain N-terminal tails that provide sites for a range of covalent chemical modifications that regulate the overall chromatin structure. These histone modifications include acetylation, phosphorylation, methylation, ubiquitination and sumoylation, though most research to date has focused on the first three. The addition and removal of these functional groups results in changes to chromatin structure that can either facilitate or repress gene expression. Histone acetylation, a transcriptional activator, is catalyzed by histone acetyltransferases (HATs), whereas histone deacetylases (HDACs) are responsible for removal of the acetyl group. Similarly, histone phosphorylation of serine, threonine and sometimes arginine residues, most often leads to transcriptional activation. As with histone acetylation, methylation can also occur on lysine residues. The transcriptional effects of histone methylation depend on which histone and lysine residues are involved, as well as the degree of methylation (i.e. mono-, di-or trimethylation).
The methylation of genomic DNA at CpG dinucleotides is predominantly associated with transcriptional silencing. DNA methylation is catalyzed by DNA methyltransferases (DNMTs) and usually involves the recruitment methyl-DNA binding proteins, such as MeCP2. Although DNA methylation has long been perceived to be a static modification, with changes only occurring in disease states (e.g. cancer), recent evidence suggests the process can be highly dynamic (Bhattacharya, Ramchandani, Cervoni, & Szyf, 1999; Kangaspeska et al., 2008; Kim et al., 2009; Ma et al., 2009; Metivier et al., 2008; Miller & Sweatt, 2007) .
The role of epigenetic mechanisms in memory
Most work in the field of epigenetics has focused on its involvement in the development and differentiation of both normal and cancerous cells. However, in recent years, an increasing number of neuroscientists have begun to acknowledge the important role of epigenetic mechanisms in neuronal function, cognition and behavior; as these molecular regulators have found their place at the nexus of environment-genome interplay. The young field of neuroepigenetics is discovering unanticipated, but critical, roles in post-mitotic neurons. Accordingly, there has been an explosion in the number of studies investigating the involvement of epigenetic mechanisms in learning and memory. The findings
